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ABSTRACT 
Color plays a vital role in visual perception and communication. Scientists have developed 
standards for measuring and comparing hues, marketers use color to develop brands and 
communicate with consumers, and psychologists study the feelings and states of mind 
associated with colors. In the color psychology field red emerges as a color that elicits 
high-energy or activating responses from humans and other animals with some degree of 
consistency.  
Researchers investigate red’s effects in a number of contexts, from appetite to perceived 
aggression and even sexual desire and intent. Findings on the topic of red and aggression 
in particular branch out into the world of sports, leading to discussion and investigation on 
how and why an athlete wearing red might be perceived differently than an athlete 
dressed in another color.  
This study explores the possibility that wearing a red shirt causes a soccer team to be 
perceived as particularly aggressive by the match referee through an examination and 
analysis of data from the FIFA men’s and women’s World Cups of the 2010s. A statistical 
analysis of available match data—primarily concerned with fouls per match and shirt 
color worn in each match—reveals that among the sampled teams, no statistically 
significant difference exists between the fouls called per match on teams in red and teams 
in other colors. These results and other cross-cultural studies on color suggest that meanings 
and associations for different hues are often unique to certain cultures and even individual 
experiences.  
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In the conventional human experience, color seems inescapable. Color paints the world 
around us with innumerable hues, rendering a perception of reality brimming with detail 
and information. For centuries, thinkers and scientists have considered the way color vision 
functions and the effects it has on the perception of humans and other animals. The palette 
of hues that paints human perception of the world is simultaneously awe-inspiring and 
limiting—while humans can only visually perceive a range of about 400 nanometers of 
light, the vast array of colors interpreted within that range plays a critical role in the 
human experience on this planet. Color aids the brain by providing vital information to 
guide interactions with the physical world. Those who experience color vision often take it 
for granted given its ubiquity and utility, but what is generally considered an ordinary 
property of a physical object is in fact a phenomenon of physics and neuroscience. 
Color perception’s roots are in physics—the properties of an object or surface and the 
light that illuminates it or emits from it dictate the wavelength of light received by the eye 
and thus the color perceived by an observer. A human observer’s photoreceptors (cones 
and rods within the eye) are engaged by the electromagnetic waves reflected or emitted 
from objects and based on the brain’s response, the observer interprets a color. Thus 
emerge the three key variables in color measurement and its standardization: light, object, 
and observer. In color science and color management, rigorously developed models 
simulate human photoreceptor responses to create standardized observers that allow for 
precise and comparable color measurement. While these scientific models take into 
account natural variance in the eye’s photoreceptors, in regard to the way that a color 
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affects a human’s thoughts and actions the observer variable involves much more than the 
responses of rods and cones. In truth, studies on color attempt to steady a moving target—
no matter how scientifically modeled and measured the three variables of color are, 
psychological reactions to different hues can be enormously varied. 
A human’s reaction to a color can communicate who they are, where they are from, and 
the experiences they have had in their lifetime. Color is an inherently subjective 
interpretation of light by the nervous system of animals that informs decision making, 
guides perception of the world, and relays information critical to survival. The many 
species within the animal kingdom have developed vision systems according to their needs. 
For example: it is common knowledge that dogs see a smaller range of hues than humans. 
Conversely, bees perceive ultraviolet wavelengths of light completely invisible to humans, 
guiding these vital pollinators to the right parts of the right flowers. The ability to 
distinguish hues varies from animal to animal and the trichromatic color vision present in 
humans has evolved alongside our species. The colors most prevalent in the natural world 
from the human perspective manifest themselves in color names that are recognizable, 
communicable, and symbolic across a large number of human cultures and societies: blue, 
red, green, and black are a few examples. Distinguishing one color from another—
however they vary—plays an important decision-making role in a number of contexts 
from selecting food to navigating social situations. For example: the color of a banana 
peel indicates the fruit’s ripeness and thus its best use; a spoiled cut of meat looks 
drastically different from a fresh one; an embarrassed person’s face has a notably 
different tint than someone in the grip of fear. 
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In using trichromatic color vision to make decisions in the natural world for hundreds of 
thousands—or even millions—of years, humans have evolved innate reactions to some 
colored stimuli and constructed cultural norms for the meaning and emotional associations 
of different hues. Even before cultural norms take full hold, young children have color 
preferences and associate particular colors with particular feelings, bringing color into the 
classic nature-nurture debate in psychology. At this point in human evolution, is the brain 
wired to associate certain colors with certain emotional states from birth based on natural 
selection? Or are these emotional connections learned from subjective individual 
experiences and cultural norms? The reality is that both factors contribute to the varied 
and often complex meanings and associations that humans have for colors, and research in 
color psychology explores the balance between the two. 
Color psychology explores how colors affect human visual perception and psychological 
functioning. While broad, this discipline brings into focus some of the effects colors have on 
humans thoughts and actions. Researchers in the field typically ask questions about how 
particular colors affect humans psychologically and seek to establish consistent, specific, 
and relevant relationships between colors and human reactions to them. The thoughts and 
feelings associated with colors are relevant not only to psychology but to neuroscience, 
psychiatry, marketing, design, communication, and myriad other fields primarily and 
tangentially concerned with colors and cognition. 
The colors we perceive influence the decisions we make and the emotions we experience 
at some level. Color psychology research has generated a great deal of information, and 
one hue in particular elicits a strong reaction from test subjects time after time: red. 
Humans have shown a tendency to associate this hue with high energy states of mind both 
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positive (e.g., love, excitement) and negative (e.g., anger, contempt). High energy states 
of mind are prone to move people to action as opposed to low energy states of mind 
(e.g., sadness or contentment) which typically lead to passivity (Russell, 2003). To put it 
succinctly: humans are typically activated by red. For the purposes of this study the 
negative, high energy responses that correlate with red are of interest in an attempt to 
evaluate the color’s impact on human perception of aggression.  
Color in Society 
Colors play a highly symbolic role in human societies across the world. Virtually every 
recorded human culture has included a method of communication for some set of hues. 
Color language of varying complexities has developed to communicate detailed 
information about the world. 
As with color in general, researchers observe red’s symbolism both in nature and in human 
society. Look no further than the flags of the world: more than three quarters of them 
include red and the only other hue that comes anywhere close to that number is white. Red 
is also the preferred color of a bevy of noteworthy brands including the world’s most 
popular soda (Coca-Cola), largest restaurant chain (McDonald’s), and most visited video 
hosting website (YouTube). In sports, successful teams the world over are clad in red: 
Manchester United, Liverpool, and Arsenal are the most historically successful soccer clubs 
in England; the Chicago Bulls took the NBA by storm in the 1990s; the San Francisco 49ers 
are tied for second in Super Bowl wins all-time; FC Bayern Munich has won three times 
more Bundesliga championships than any other German soccer team; AC Milan has won 
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seven European soccer championships, ranked second in history; the list of prominent, 
successful organizations that identify themselves with red goes on. 
Clearly something about red captures human attention and sticks in the mind— perhaps 
this is explained by the hue’s primal link to competition and violence. After all, a red face 
is an indication of an angry individual and red is the color of spilled human blood; for 
millennia, conflicts significant and minute have been painted with the hue. Humans could 
have evolved to unavoidably—naturally—associate red with the results of aggressive 
actions and conflicts. The hue plays a symbolic role in cultures of all types, from the 
indigenous peoples of Oceania to the global influencers of western and central Europe. 
Sports in Society 
In the Global North of the 21st century, the average citizen has the luxury of being 
insulated from the violent conflict and bloodshed of warfare. These societies have 
ritualized conflict through physically aggressive competitions—namely the sports that are 
played. Popular and traditional disciplines such as hockey, judo, rugby, mixed martial 
arts, and wrestling are several prevalent examples and these sports are contested at an 
international level. Perhaps red’s frequent appearances in the symbolic color schemes of 
the sports world can be explained in part by sports’ cultural role of ritualized aggression. 
There are those that write sports off as games of little consequence, but they unavoidably 
tie into culture, politics, and the events of human society. The outcomes of sports 
competition have ripple effects on the groups involved as well as the people and places 
connected to them. This is especially the case for the FIFA men’s World Cup and women’s 
World Cup, competitions with truly global scopes and implications. In the United States, 
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the Super Bowl is considered a colossal cultural event, amassing over 100 million viewers 
every single year since 2010 and generating mind-boggling revenues through 
sponsorships and media contracts. But this pales in comparison to the viewership of both 
World Cups: since 1998, the men’s World Cup has drawn more than 3 billion viewers 
every time it has been held; in 2019, the women’s World Cup topped 1 billion viewers for 
the first time and that viewership is expected to continue its climb in 2023. People of all 
cultures, races, and beliefs are invested in these sports competitions, making them a global 
expression of humanity. The significance of sports and international soccer in particular is 
cultural, economic, and even political for many people around the world. 
The World’s Game 
The Fédération Internationale de Football Association (FIFA) serves as the highest 
governing body of soccer, futsal, and beach soccer. Originally founded to coordinate 
competition between European countries, FIFA now includes more than 200 national soccer 
associations that are members of one of six regional confederations: 
• Union of European Football Associations (UEFA) - Europe 
• Confederación Sudamericana de Fútbol (CONMEBOL) - South America 
• Confederation of African Football (CAF) - Africa 
• Asian Football Confederation (AFC) - Asia 
• Confederation of North, Central America and Caribbean Association 
Football (CONCACAF) - North and Central America 
• Oceania Football Confederation (OFC) - New Zealand and Pacific Islands 
At least five of these confederations have been represented at the past three men’s 
World Cups and women’s World Cups—the exception is the OFC, the smallest 
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confederation. By design, these international soccer competitions include athletes, coaches, 
and referees from every inhabited continent on Earth. Such a culturally diverse group of 
people provides an intriguing opportunity to cross-culturally analyze a number of 
phenomena in human society, such as the affective qualities of colors. 
How can aggression in particular be measured in World Cup matches? The discipline 
statistics from each match tell this story. Discipline in soccer includes fouls, yellow cards, 
and red cards issued by the match referee. Fouls are called for any rule violation; yellow 
cards are issued for repeated foul offenses, particularly aggressive fouls, or fouls that 
strategically halt the attacking team’s progress; red cards are issued upon receiving a 
second yellow card (known as an indirect red card), committing a violent or hateful act, or 
denying a clear goal scoring opportunity by committing a foul. A player who receives a 
red card is expelled from the match and their team must finish the match with ten players 
instead of the standard eleven. Fouls that result in an immediate red card are often 
egregious violations of the rules; fouls that result in an indirect red card are less flagrant 
but carry the same consequences. Yellow cards are used as a caution by the match 
official, so a player who commits a foul deserving of a yellow card after already being 
cautioned for their conduct is expelled from the match. Fouls are very common in a soccer 
match; yellow cards are not unusual, but some matches go without them; red cards are a 
rather rare occurrence especially on a stage as significant as the World Cups. For context: 
the all-time record for the most yellow cards issued to a team in a single match is 9 for the 
men’s World Cup and 4 for the Women’s World Cup; the record for the most red cards 
issued to a team in a single match stands at 2 for the men’s World Cup and 1 for the 
Women’s World Cup (FIFA). For the purpose of this research, the fouls called in each 
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match will be employed as a method to measure the aggression perceived by soccer 
referees in World Cup matches. 
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CHAPTER TWO 
REVIEW OF LITERATURE 
As early as 1810, Johann Wolfgang von Goethe theorized that circumstances had 
determinate influence over human perceptions of color. He observed and recorded 
differences between hues based on viewing conditions, laying the groundwork for a 
perspective regarding color as a phenomenon that humans experience rather than a 
singular and objective quality within the physical world. While Isaac Newton aimed to 
categorize and even standardize color at a rudimentary level a few decades previously, 
Goethe noticed and acknowledged the existence of variable factors that create a color 
perceptible to humans—now known to color scientists specifically as light, object, and 
observer. Through the rest of the nineteenth century, scientists, artists, and researchers 
continued to engage with color perception wittingly and unwittingly, paving the way to 
modern color science, color management, and image reproduction techniques. Inquiry into 
the essence and nature of color developed alongside these technologies, taking varied 
scientific approaches to explore the phenomenon. 
Color Vision in Animals 
Where present in the animal kingdom, color vision directly informs decision making. The 
color perceived by an observer influences all sorts of decisions and actions, addressing 
more trivial matters like picking the ripest fruit as well as providing vital information for 
primal instincts: where to go, who to approach, and generally what actions can be 
considered safe. Humans are not the only animals that exhibit consistent reactions to 
specific stimuli—as scientists have studied color vision across different species, red in 
particular has emerged as a color of interest. 
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Researchers have found correlations between red and aggression in several animal 
species, including fish (Tinbergen, 1952), reptiles and birds (Pryke, 2009), and primates 
(Changizi, 2006; Pryke, 2009). In humans specifically, hostile situations result in a rush of 
testosterone and blood and a subsequent reddening of the face (Drummond and Quay, 
2001). For ages, red has served as an indicator for organisms in the animal kingdom. The 
presence and effectiveness of red as an indicator manifests itself in modern human 
civilization as well—exercising influence over activities and phenomena from job searches 
(Maier et al., 2013) to food consumption (Genschow, 2012; Bruno, 2013) to sexual 
attraction (Elliot and Nesta, 2008; Guéguen, 2012) to sports and athletics (Farrelly et al., 
2013). It is rather remarkable that a single hue seemingly wields so much influence over 
animals’ perception of the world in so many different areas of interest. 
Color Psychology 
Colors affect the behavior of animals all over the planet and humans are no exception. 
The phenomena within human society that are affected by color share a common cause: 
color’s impact on human psychology, cognition, and decision-making. The study of these 
effects is known as color psychology. Since the middle of the twentieth century, a large 
variety of subjects have been researched within this field to ask questions about how hues 
impact different areas of interest in psychology. Investigators discover new information 
and correlations with every study, linking color to all sorts of measurable behaviors and 
states of mind including alertness, intellectual performance, motivation, attraction, eating 
and drinking habits, and physical performance (Elliot, 2015). Research runs the gamut, 
from investigating correlations between personality type and color preferences (Dunning 
and Balcetis, 2013; Fetterman, Liu, and Robinson, 2015) to measuring physiological 
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reactions to different hues (Dreiskamper et al., 2013; Farrelly et al., 2013). Broadly 
speaking, color psychology focuses on color’s effects on decision-making both conscious 
and unconscious. Whether an observer is intentionally thinking through a decision based on 
visual information or if their response is instinctive color plays a key role in the process. 
Correlations between color and state of mind or emotion present a popular interest within 
the field as these associations shed some light on why certain hues might lead to certain 
reactions or decisions. 
Methodology has developed by leaps and bounds since the early work on color and 
emotion. Wexner (1954) used paper color samples and 11 “emotion words” to assess 
subjects’ associations between the two. Subsequent studies expand on this approach in a 
number of ways. Many focused on comparing color-emotion associations across different 
cultures (Adams and Osgood, 1973; Hupka et al., 1997; Madden et al., 2000; Gao et 
al., 2007; Jonauskaite et al., 2019). Some followed Wexner’s example and concentrated 
on specific demographics such as English-speaking adults (Kaya and Epps, 2004; Sutton 
and Altarriba, 2016; Hanada, 2017) or children (Cimbalo, 1978).  
Most twentieth century studies used paper color samples or colored objects to conduct 
research on test subjects, but as technology advanced and digital displays became 
commonplace color researchers turned to new methods in an effort to increase the 
participation in and scope of their studies. While surveys remain popular in the color 
psychology field (Fugate and Franco, 2019), in recent years advances in research have 
opened new doors such as machine learning techniques (Jonauskaite et al., 2019) and 
meta-analyses (Attrill, 2008; Piatti, 2012). These evolving methods allow for large-scale 
studies that provide more robust results. 
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Researchers studying color-emotion associations have observed that subjects generally 
associate red with high energy states of mind both positive and negative (Madden et al., 
2000; Hanada, 2017; Fugate and Franco, 2019; Jonauskaite et al., 2019). These 
emotions or states of mind include, but are not limited to: anger, love, joy, aggression, 
contempt, and excitement (Wexner, 1954; Madden et al., 2000; Kaya and Epps, 2004; 
Sutton and Altarriba, 2016; Hanada, 2017; Fugate and Franco, 2019; Jonauskaite et al., 
2019). Other hues appear to have associations too: green with envy, yellow with 
happiness, and sadness with blue are a few typical examples from past studies. These 
associations rooted in idiom and cultural motif are typically found to be weaker than 
associations between red and anger in particular (Fugate and Franco, 2019). Some 
studies home in on red specifically, exploring the hue’s varied affective associations 
(Fetterman et al., 2011; Fetterman et al., 2012; Fugate and Franco, 2019, Jonauskaite et 
al., 2019) and its observable impacts on human behavior (Changizi, Zhang, and Shimojo, 
2006; Elliot and Niesta, 2008; Genschow, Reutner, and Wänke, 2012). Perhaps one of 
the most interesting approaches to color psychology research is the category of cross-
cultural analyses. By investigating color-emotion correlations among people of varying 
cultural backgrounds, research provides insight into potential shared emotional 
associations of particular hues (Adams and Osgood, 1973; Hupka et al., 1997; Madden 
et al., 2000; Gao et al., 2007; Jonauskaite et al., 2019). In spite of frequent differences 
in color connotations between cultures, red’s general association with high energy 
responses remains, seemingly with little fluctuation. This strong correlation extends beyond 
simple color swatches and names, too; a study on red and blue’s effects on approach and 
avoidance motivated behavior revealed that psychological reactions to hues extend to 
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items that are in close proximity to a subject—namely, a person’s shirt color (Elliot and 
Maier, 2012). 
Color and Core Affect 
For the purpose of precisely discussing the states of mind that drive actions and decision-
making the vernacular terms “emotion” and “mood” are inadequate. In fact, using 
ambiguous figurative language bars much of the color psychology research from the 
world of robust color science and poses problems in psychological research in general 
(Barchard, Grob, and Roe, 2017). A construct exists that extends beyond conventional 
definitions of emotion and mood dubbed “core affect.” Core affect (Figure 1) is defined 
as “a neurophysiological state that is consciously accessible as a simple non-reflective 
feeling that is an integral blend of valence (positive-negative) and energy (activation-
deactivation) values” (Russell, 2003). It includes 
mental responses to stimuli (alternative to 
emotions) and “free-floating” states of mind 
(instead of mood). Defining core affect through 
valence and energy creates a construct that 
objectively categorizes states of mind that are 
typically described using subjective language. 
While it is doubtful that core affects can ever be truly quantified, establishing a construct 
to categorize mental states of being proves useful when comparing them. 
Figure 1 - Core Affect 
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There are numerous scientific studies investigating connections between hues and core 
affect dating back to Wexner’s work in the 1950s. While researchers have not employed 
the core affect model by name in their work, in review the results from studies on color 
and emotions can be categorized and analyzed using the construct. Organizing study 
results on red in this manner illustrates red’s 
correlation with high valence core affects (Figure 
2). Humans evidently tend to be activated by red, 
and the color’s effects have been examined in 
many contexts—including the world of sports 
competition. 
Red’s Effects in Sports 
The investigation of red’s effects in sports builds upon the fact that the human central 
nervous system depends on visual information when performing tasks. This information 
includes the colors perceived by the nervous system and thus the central nervous system 
uses color in its performance of tasks. This includes actions in sports from participants to 
officials: a basketball player aiming for a hoop, a gymnast running the vault, or for these 
purposes a soccer referee officiating a match. The colors that humans see and the 
emotional associations carried with them affect our performance of tasks in general and 
therefore play some role within sports.  
In regard to sports, red emerges as an important talking point as it does in the color 
psychology literature at large. Researchers have observed that wearing red uniforms or 
equipment influences human perception in a competitive context, be it an athlete’s 
Figure 2 - Red and Core Affect 
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perception of themselves (Feltman and Elliot, 2011; Dreiskamper et al., 2013), an 
athlete’s perception of their opponents as a threat (Feltman and Elliot, 2011), or a 
referee’s perception of an athlete (Hagemann et al., 2008). 
The color that an athlete wears influences how they perceive themselves in the context of a 
competition, and one study’s participants considered themselves to be more dominant and 
threatening when wearing red. In the same study, subjects viewing red on an opponent 
considered the opponent more dominant than themselves (Feltman and Elliot, 2011). While 
this research was of an abstract nature, wearing red has some physiological effects in 
sports too. Test subjects in red uniforms who competed in a jousting combat sport actually 
had higher measured heart rates and higher scores on a strength test prior to competing 
than they did when dressed in a blue uniform (Dreiskaemper et al., 2013) and people 
who chose a red symbol to represent themselves in competition had higher testosterone 
levels than those who chose a blue symbol (Farrelly et al., 2013). Researchers point to 
red’s associations with aggression and dominance—both psychological and biological—as 
an explanation for its apparent effects in the context of athletic competition. 
Like athletes, sports officials in all disciplines depend primarily on their vision to make 
decisions. As a result, uniform color unavoidably contributes to their decision making and 
red uniforms could affect scoring, discipline, and results. Olympic taekwondo was selected 
as a testing mechanism for these effects. Test subjects—all of whom were taekwondo 
referees—viewed match footage and scored the athletes based on it. The footage used 
was edited in post-processing to generate identical videos with the athletes’ uniform colors 
(red and blue) switched. The study found that taekwondo referees assign higher scores to 
athletes wearing red than they do to athletes wearing blue, even though the footage used 
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for scoring both athletes was identical. Red evidently had an observable impact on 
referees’ visual perception and decision making (Hagemann, Strauss, and Leissing, 2008). 
The huge amount of data available in the Information Age opens up research possibilities 
across all disciplines, and the topic of color is no exception. Some researchers have 
expanded the scope of surveys (Fugate and Franco, 2019) and others have employed 
advanced techniques such as machine learning (Jonauskaite et al., 2019) to continue 
investigating how color interacts with the human psyche. In regard to sports, approaching 
competitions as iterations of an experiment in a meta-analysis becomes a possibility by 
examining data that is naturally generated in the process of athletic competition. 
Analyzing thirty years’ worth of field data in Australian rugby led to the finding that 
teams wearing red won more matches than teams wearing other hues (Piatti, Savage, and 
Torgler, 2012). This study was not the first of its kind—a 2008 study approached the 
English Premier League in this way—but it takes advantage of methods parallel to this 
research, albeit with rugby results rather than soccer discipline. 
The existing literature regarding red in sports spans a variety of games and disciplines, 
but the overlap of the world’s most popular sport, soccer, and what appears to be one of 
nature’s most significant colors, red, presents a particularly interesting area of study. Most 
of the work in this area mirrors other work on color and sports, focusing on red’s effects on 
match results or success. In the United Kingdom, study participants consistently associated 
red with successful teams and in fact teams that wear red in the top English league were 
found to achieve more favorable match results than teams that do not (Attrill et al., 2008). 
This particular research (and much of the literature in general) presents a bit of a “chicken-
and-egg” problem. The most historically successful soccer clubs in England are Manchester 
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United, Liverpool, and Arsenal. All three of these immense organizations have worn red 
shirts and donned the color as part of their brand identity for more than a century. Did 
these teams’ reputations create the discovered association between red and success in the 
United Kingdom, or have these teams wearing red had a subconscious advantage each 
time they took the field in their red shirts? This study focused on a competition staged in 
one nation, only includes men’s teams in its method, and primarily concerns itself with red’s 
connection to success. Perhaps expanding the scope to a global competition, including both 
biological sexes, and digging deeper than simple match results will yield more 
fundamental information about the effect of red on human perception. 
Based on existing research, wearing red uniforms in athletic competition affects the 
perception of all parties involved: participants, spectators, and rule officials. While the 
majority of studies focus on potential connections between wearing red and being 
successful in competition, a more productive focal point for color psychology research 
would be the link between red and perception of aggression. A 2013 study that echoed 
the taekwondo research methodology mentioned above focused on uniform color’s 
potential impact on judging tackles in soccer (Krenn, 2013). The study took video footage 
from three 2010 men’s World Cup matches, the 2005 UEFA Champions League final, and 
the 2008 UEFA Cup final and altered the color of one squad’s uniform in post-processing 
to present to test subjects. 52 four-second clips were presented to 42 soccer referees and 
163 students, who were given three seconds to rate each clip on a scale of 1 (no foul) to 9 
(a very harsh foul). Each participant viewed footage with a team in red, blue, green, and 
yellow shirts. Interestingly, the strongest evidence for red’s effects in this study lie in the 
most experienced participants: the results from referees showed a tendency to judge 
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footage with players wearing red more harshly than footage with other colors (Krenn, 
2013). Perhaps expanding the scope beyond a few particular matches, including women’s 




Color psychology research frequently uses figurative language to represent colors and 
emotions or states of mind. This poses intrinsic challenges to objective evaluation and 
analysis of study results, as color and emotion words are not precise or standardized, 
especially between different cultures. This study follows the example of researchers that 
have performed observational studies using existing data to evaluate color’s effects on 
the human psyche through core affect, perception, and decision-making. By doing so, some 
common limitations are avoided—retroactively investigating the results of athletic 
competition with regard to uniform color is a more natural exploration than asking an 
individual how a color makes them feel or showing a test subject altered video footage in 
a laboratory setting. This approach examines color’s real impact on humans as individuals 
and established faculties of society and sidesteps the pitfalls of using figurative language 
in color evaluation. 
Existing literature suggests that wearing a red uniform is associated with both successful 
results and aggression in a variety of athletic disciplines. In soccer, if a referee perceives 
a team in red shirts as especially aggressive, it follows that a team wearing red would be 
disciplined more often than a team wearing a different color. While fouls in soccer are not 
always physically violent, a team that accumulates fouls in a match clearly has taken 
actions that were perceived as overly aggressive by the match referee. It should be noted 
that being disciplined at a higher rate and being a successful soccer team are not 
mutually exclusive; that is, it’s entirely plausible that wearing red contributes to a team’s 
success and results in the team being seen as especially aggressive by a referee. 
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For the purpose of this study the independent variable, of course, is the shirt hue. Fouls will 
be used to measure a referee’s perceived aggression and serve as the dependent 
variable. Yellow and red cards proved to be too rare among the observations to be 
relied upon as dependent variables. 
The Sports Laboratory 
Sports competitions are repeated occurrences using similar parameters, much like 
experiments. All FIFA-sanctioned international soccer matches follow the same rules in 
regard to timing, scoring, and discipline. Using data from multiple iterations of similar 
competitions allows for a sort of meta-analysis, treating each occurrence of the 
competitions as an experiment of its own due to the changing cast of athletes and 
referees.  
The FIFA World Cup competitions provide an excellent opportunity for research. They 
offer a diverse experimental population: the people involved from spectators to athletes 
represent each inhabited continent on Earth. Additionally, each match takes place at a 
neutral site—there are no true home or away matches, even for the host nation, as the 
supporters in attendance are split between the two competing squads and often include 
neutral supporters from other nations. 
Data Set, Sampling, and Analysis 
The first step in data compilation for this study was determining the appropriate squads to 
include in the sample. A definition is necessary here: a squad refers to a group of players 
that represent their national team at a particular tournament (e.g., the United States 
Women’s National Team fielded a squad in the 2019, 2015, and 2011 World Cup 
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competitions). The shirt colors of each squad must be evaluated for each individual World 
Cup because a national team’s shirt color can change from tournament to tournament. For 
example, the 2014 Germany men’s squad wore a secondary shirt with prominent red 
stripes and this squad’s matches were included in the sample. The 2018 Germany squad 
did not appear in a red shirt, however; thus the 2018 squad is excluded from the sample. 
This method prevents squads that did not appear in red uniforms during a competition 
from skewing the data, as the actions of each squad in the sample will be reflected in 
both shirt color groups (Red and Other). For example, Argentina—a national team with a 
reputation for dynamic attacking play and aggressive physicality—has never appeared 
in a red uniform. Including Argentine squads (and any other squads that don’t wear red) 
would only affect the measured variable of the Other and this could prevent an equitable 
comparison of the two groups. 
The question must also be raised: What constitutes a red shirt? Ideally, strict color 
tolerances would be defined and the color of each shirt would be measured to determine 
if it falls within these constraints and thus determine if the squad is included in the sample 
or not. But soccer shirts retail for eighty dollars or more, not to mention that shirts from 
years past are often hard to find and fetch even higher prices. For the sake of feasibility, 
shirt colors are evaluated by eye and any shirt with a front panel of fifty percent red or 
more is considered a red shirt. Darker shades of red are also included; Portugal’s primary 
shirts offer an example of this. Two other shirts illustrate the minimum limit of this method: 
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the 2014 Germany squad’s secondary shirt and the 2018 Croatia squad’s primary shirt 
(Figure 3). 
The population in question is international football teams that appeared at a World Cup 
in the 2010s. The sampled population includes the squads that appeared in red shirts at 
least once during the World Cup in question. Every match performance by a squad who 
appeared in red shirts was recorded for the men’s and women’s World Cups in 2010, 
2014, and 2018 and 2011, 2015, and 2019, respectively. The following were recorded 
for each match that involved the sampled squads: national team, match opponent, shirt 
color, fouls, yellow cards, red cards, match result, and stage of competition. For example, 
each row in Table 1 represents a match appearance by the squad and an observation 
within the data set. 
Table 1 – Examples from Data Set 
Team Shirt Hue Discipline Result Stage Year Gender 
Figure 3 – Examples of Red Shirts 
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Fouls Yellow Red 
Canada Red 8 0 0 W Group 2019 Women 
Costa Rica Red 18 2 0 L Group 2018 Men 
England Other 14 1 0 W Group 2015 Women 
Germany Red 14 0 0 W Knockout 2014 Men 
Norway Red 6 0 0 L Group 2011 Women 
Spain Other 19 5 0 W Knockout 2010 Men 
The data was sourced from FIFA match reports and includes the past six World Cup 
competitions. Ideally the set would include more tournaments, but this was limited by the 
availability of match reports. There is a disparity in data between the 2011 women’s 
World Cup (n=16) and the rest of the tournaments, explained by a change in format: 
participation in the Women’s World Cup was expanded in 2015 as the push for gender 
equity in athletics continues in our society. 
Data collection yielded 265 total observations. To perform the necessary tests, a subset is 
created using stratified random sampling. This method uses the Shirt Hue variable to 
randomly select 100 observations with each condition (Red and Other) for 200 total 
observations in the subset. Data subsets are also created for each individual World Cup 
(omitting the 2011 women’s World Cup due to its small sample size) and the national 
team with the most observations in the data set, England, including men’s and women’s 
squads. These subsets are then used to perform a series of two-sample, one-tailed t-tests 
with a confidence level of 0.95 (𝛼=0.05) in JMP Pro 15 to reveal whether the Red groups 
receive more discipline than the Other groups with statistical significance. The alpha (𝛼) 
value, otherwise known as the significance level, represents the probability that the null 
hypothesis will be rejected when it should not be. The p-value, calculated in the t-test from 
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a test statistic, measures the probability of getting a more extreme population mean value 
than the sample mean in the study. In a t-test, the null hypothesis is only rejected when this 
probability is lower than the significance level. 
The null hypothesis (H0) holds that the difference in the groups’ mean fouls will not be 
statistically significant (H0: µOther = µRed); the alternate hypothesis (HA) suggests that the 
Red groups’ mean will be higher with statistical significance (HA: µOther < µRed). In other 
words, the null hypothesis that red shirts do not have a measurable effect on referees’ 
perceived aggression will only be rejected if the statistical analysis provides evidence to 
the contrary. A rejection of this null hypothesis would suggest the alternate hypothesis, 
aligning with other color psychology literature and indicating that wearing red shirts does 




To begin, each World Cup subset is evaluated individually, followed by the subset for the 
English national team. This subset, including the observations on the men’s and women’s 
squads, was selected because the England squads appear in the data set with the highest 
frequency (n=29). Focusing on a specific national team also focuses on a smaller group of 
people and further isolates the variable of shirt hue in comparison to the other subsets. 
Finally, the stratified random sample subset is tested to lend a more complete analysis 
than the other smaller subsets. Each t-test consists of two groups based on the condition of 
shirt hue: Red and Other. The null hypothesis states that the difference in the groups’ mean 
fouls will not be statistically significant (H0: µOther = µRed); the alternate hypothesis suggests 
that the Red groups’ mean will be higher with statistical significance (HA: µOther < µRed). 
2010 Men’s World Cup 
The 2010 men’s World Cup subset includes 45 observations (n=45). The sample means of 
the two groups are identical (15.22 fouls) and the t-test confirms that no statistically 
significant disparity exists between the means (p-value=0.5 > 𝛼=0.05). The null 
hypothesis is not rejected in this case. 
2011 Women’s World Cup 
Due to the small sample size (n=16) from the 2011 women’s World Cup mentioned in the 
previous chapter, the Central Limit Theorem does not apply to the data subset. As a result, 
an assumption of normality cannot be made, and this tournament will not be analyzed 
individually within this methodology. 
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2014 Men’s World Cup 
The 2014 men’s World Cup subset includes 55 observations (n=55). In this case, the 
sample mean in red shirts equals 15.93 fouls and the sample mean in shirts of other colors 
equals 14.11 fouls. A clear disparity exists in the sample means for this subset, but the t-
test reveals that the difference is not statistically significant (p-value=0.09 > 𝛼=0.05). 
Though the p-value in this test is much closer to the significance level than the test for the 
2010 competition—indicating a higher probability that there is a statistically significant 
difference between the groups—it remains greater than the alpha value and the null 
hypothesis is not rejected. 
2015 Women’s World Cup 
The 2015 women’s World Cup subset includes 45 observations (n=45). A comparison of 
the sample means reveals a somewhat surprising result in light of the literature: the sample 
mean of the Red group (10.33 fouls) is actually lower than that of the Other group (11.58 
fouls). The t-test confirms that the Red group’s mean fouls per game is extremely unlikely 
to be greater than the Other group’s (p-value=0.85 > 𝛼=0.05). The null hypothesis is 
definitively not rejected in this case. 
2018 Men’s World Cup 
The 2018 men’s World Cup subset includes 69 observations (n=69). The sample means 
are 14.36 fouls for the Red group and 14.76 fouls for the Other group. The t-test reveals 
that no statistically significant difference exists between the groups (p-value=0.63 > 
𝛼=0.05), and once again the null hypothesis is not rejected. 
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2019 Women’s World Cup 
The 2019 women’s World Cup subset includes 35 observations (n=35). The sample mean 
for the Other group equals 9.11 fouls, and the sample mean for the Red group equals 
10.47 fouls. The t-test results lead to the conclusion of failing to reject the null hypothesis 
(p-value=0.13 > 𝛼=0.05). This is yet another case where the disparity in sample means 
might suggest one conclusion—rejecting the null hypothesis—but the t-test provides 
evidence for the opposite decision. 
England National Team 
The England national team, both men’s and women’s squads, appeared in 29 total 
matches across the data set (n=29). There are more than double the observations for the 
Other group (nOther=20) than the Red group (nRed=9) in this subset. Ideally, the two groups 
would be closer in quantity of observations, but the statistics and t-test should still reveal 
any statistically significant differences between the groups. Interestingly, the England 
subset presents another case where the Other group’s sample mean (11.25 fouls) is higher 
than the Red group’s (10.11 fouls). According to the sample at hand, England actually was 
called for more fouls while wearing their white shirt than while wearing their red one. The 
t-test results confirm that there is no evidence that more fouls are called on the teams
during their appearances in red shirts (p-value=0.73 > 𝛼=0.05). Once again, the null 
hypothesis is definitively not rejected. 
Analysis of Stratified Random Sample 
The stratified random sample based on shirt hue generates a subset of 200 total 
observations (n=200). This includes exactly 100 observations for each shirt hue condition: 
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Red and Other. The sample mean is 13.33 fouls for the Red group and 12.93 fouls for the 
Other group. Though the difference between the sample means is 0.40, there is insufficient 
evidence to reject the null hypothesis (p-value=0.29 > 𝛼=0.05). The disparity is not 
statistically significant for this data set and yet again the null hypothesis is not rejected. 
The stratified random sample analysis suggests that the Red sample’s mean fouls are not 
higher than the Other sample’s with statistical significance in spite of the difference 
between the sample means themselves. Failing to reject the null hypothesis indicates that 
wearing red shirts did not have a statistically significant effect on the discipline received 
by World Cup squads based on the data available in this study. 
While it would have been exciting to uncover a statistically significant difference between 
these samples in the analysis, these results nonetheless offer insights into the world of color 
psychology research as well as implications for marketing and branding—particularly in 
regard to international, cross-cultural audiences.
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CHAPTER FIVE 
DISCUSSION AND IMPLICATIONS FOR FURTHER STUDY 
Color as humans experience it is not an attribute of an object nor something that can be 
possessed, contained, or owned. For those who see color, it is a part of human experience 
present in every waking moment, utilizing an open and continuous line of communication 
between the eye and the brain to guide us, inspire us, and keep us alive. Device profiles, 
color spaces, and color measurement systems standardize color and allow for an 
impressive degree of control in image reproduction but seeking consistent and specific 
(much less universal) psychological associations with hues across different cultures seems to 
introduce variables beyond any individual’s control.  
Brand stakeholders around the world encounter this challenge: how can one be confident 
in the visual elements of their brand when observers’ reactions to visual elements are 
varied and unpredictable? Perhaps this confidence can come from consistency. By 
reproducing colors and graphics accurately and consistently, a brand creates its own 
associations for these elements. In the context of a competitive encounter red may elicit 
aggression, but it is unlikely that Coca-Cola’s red cans have a similar effect on a grocery 
shopper. Color is but a piece to the puzzle of visual communication—albeit an essential 
one—and must be considered alongside the other factors at play. 
Marketers, designers, and other stakeholders can gain confidence in decisions about color 
and visual design elements through knowledge of their target audience and the culture of 
its demographics. This study’s findings show the importance of examining color meanings 
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and associations in specific contexts. Studying one’s target audience is often standard in 
communication, and the effects of colors should be included in such research. 
Implications 
What relevant inferences can be made from the above analyses? On the surface, the 
conclusion is a simple one: wearing red shirts did not discernibly increase the number of 
fouls called on these soccer teams. Every single data subset analyzed resulted in a failure 
to reject the null hypothesis that the number of fouls called on the squads in red shirts is not 
higher than the number of fouls called on the squads in shirts of other hues. Perhaps these 
results shed some light on an essential element in human perception of color, a piece that 
cannot be included in L*a*b* values and is not easily standardized: the context or 
environment in which a viewer interacts with a color. The other visual information—and all 
sensory information—that accompanies a color affects an observer’s psychological 
reaction to it. Additional research that considers these other factors could further 
knowledge on how viewing environment and context can impact a hue’s psychological 
effect. 
In regard to color psychology and sports in particular, this study stands in contrast to much 
of the existing literature. Many researchers have found evidence for a red uniform’s effect 
on success and perceived aggression in competitions, yet these effects were not 
observable in any of the above analyses. Once again, context should be considered: 
soccer is a team sport as opposed to the individual competitions used in other research; 
soccer is also less aggressive than many other physical sports and does not necessitate 
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physically harming one’s opponent, in contrast to combat sports which are the focus of 
several studies discussed previously.  
Suggestions for Further Study 
Another team sport offers an intriguing opportunity for further research: NCAA basketball. 
From 2000-2019 only one winner of the annual men’s March Madness tournament has 
worn a red jersey—Louisville—and this title was even vacated due to recruiting violations. 
Excluding Louisville’s 2013 title, every single champion in this time frame uses blue as the 
team’s primary color. This trend, while superficial, stands in stark contrast to studies on red 
uniforms and success. An in-depth analysis of this competition as well as the women’s 
NCAA basketball tournament could yield some significant results contrary to prevailing 
hypotheses about uniform color’s effects in athletic contests. 
A potentially useful construct for further research into color psychology and sports would 
be a categorization or ranking of sports based on their inherent level of aggression. 
Athletic disciplines could be organized into two groups: those that involve direct 
aggression and those that only require indirect aggression. To elaborate: disciplines 
categorized under direct aggression would necessitate physical aggression and even 
bodily harm to one’s opponent in order to win, while those considered indirectly 
aggressive are won by other means—even if they do include sports that are physical in 
nature. Examples of directly aggressive sports include boxing, mixed martial arts fighting, 
American football, and taekwondo. Sports that could be considered indirectly aggressive 
include soccer, basketball, and ice hockey. Within these categories, a hierarchy could be 
developed to rank sports and compare them in terms of aggression. This type of 
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organization would allow for more specific analysis of color’s impact on athletic 
performance and perception of aggression: it’s entirely plausible that sports involving 
direct aggression are affected by red uniform color more than indirectly aggressive ones. 
There have been studies conducted on the effects of background colors on human color 
perception, but for day-to-day modern life the complexity of one’s surroundings cannot be 
appropriately mimicked. In any given situation, there is a large number of stimuli 
available to influence human cognition—especially in the digital space, with the entire 
internet at our fingertips. Perceived color is just one piece to humans’ processing of these 
stimuli and effective visual communication must consider the target audience, viewing 
environments, and objectives to stand out in a world packed with “content.” 
Conclusion 
This research aims to further the study of color’s effects on humans by investigating the 
potential effects of red uniform color on how World Cup referees determine fouls. In prior 
research, red stands out from other hues as one that leads to highly activated core affects 
and has proven to have an observable impact on rule officials and participants in several 
sports-centered studies. Did this apparent “red effect” manifest itself in the World Cup 
competitions of the 2010s? Based on this study, the answer definitively is “no.” Once 
diversity is introduced into a population—be it in gender, nationality, or cultural identity—
it becomes challenging to establish consistent and specific color associations. Individual 
experiences and learned associations result in varied and distinctive reactions to color, 
providing evidence that a human’s environment—the “nurture” in that age-old debate—
plays a fundamental role in regard to processing and reacting to visual stimuli. 
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Colors deserve our attention, consideration, and appreciation. Each animal species that 
possesses color vision experiences it differently, and humans are fortunate to perceive an 
awesome spectrum of hues. In an age where our attention is a commodity and 
communication seems to be omnipresent, it has become more important than ever to make 














Complete Data Set 
Team Shirt Color 
Discipline 
Result Stage Year Gender 
Fouls Yellow Red 
Canada Red 8 0 0 W Group 2019 Women 
Canada Other 10 0 0 W Group 2019 Women 
Canada Other 6 2 0 L Group 2019 Women 
Canada Other 5 1 0 L Knockout 2019 Women 
Chile Red 10 2 0 L Group 2019 Women 
Chile Red 11 3 0 L Group 2019 Women 
Chile Red 7 0 0 W Group 2019 Women 
China Red 19 4 0 L Group 2019 Women 
China Red 12 0 0 W Group 2019 Women 
China Red 14 1 0 D Group 2019 Women 
China Red 9 0 0 L Knockout 2019 Women 
England Red 10 1 0 W Group 2019 Women 
England Other 8 0 0 W Group 2019 Women 
England Other 11 0 0 W Group 2019 Women 
England Other 4 0 0 W Knockout 2019 Women 
England Other 12 0 0 W Knockout 2019 Women 
England Other 12 1 1 L Knockout 2019 Women 
England Other 11 1 0 L Knockout 2019 Women 
Korea Republic Red 9 2 0 L Group 2019 Women 
Korea Republic Red 12 2 0 L Group 2019 Women 
Korea Republic Other 11 0 0 L Group 2019 Women 
Spain Red 12 1 0 W Group 2019 Women 
Spain Red 9 0 0 L Group 2019 Women 
Spain Red 17 1 0 L Knockout 2019 Women 
Spain Other 14 0 0 D Group 2019 Women 
Thailand Red 5 2 0 L Group 2019 Women 
Thailand Other 5 1 0 L Group 2019 Women 
Thailand Other 10 2 0 L Group 2019 Women 
USA Red 5 0 0 W Group 2019 Women 
USA Red 9 2 0 W Knockout 2019 Women 
USA Other 15 2 0 W Group 2019 Women 
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USA Other 5 1 0 W Group 2019 Women 
USA Other 5 1 0 W Knockout 2019 Women 
USA Other 11 0 0 W Knockout 2019 Women 
USA Other 9 1 0 W Knockout 2019 Women 
Belgium Red 17 3 0 W Group 2018 Men 
Belgium Red 14 2 0 W Group 2018 Men 
Belgium Red 13 0 0 W Knockout 2018 Men 
Belgium Red 16 2 0 W Knockout 2018 Men 
Belgium Red 16 3 0 L Knockout 2018 Men 
Belgium Other 12 0 0 W Group 2018 Men 
Belgium Other 11 1 0 W Knockout 2018 Men 
Costa Rica Red 18 2 0 L Group 2018 Men 
Costa Rica Other 11 1 0 L Group 2018 Men 
Costa Rica Other 14 3 0 D Group 2018 Men 
Croatia Red 20 2 0 W Group 2018 Men 
Croatia Red 13 1 0 L Knockout 2018 Men 
Croatia Other 23 4 0 W Group 2018 Men 
Croatia Other 12 2 0 W Group 2018 Men 
Croatia Other 5 0 0 W Knockout 2018 Men 
Croatia Other 18 4 0 W Knockout 2018 Men 
Croatia Other 23 2 0 W Knockout 2018 Men 
Denmark Red 18 2 0 W Group 2018 Men 
Denmark Red 10 1 0 D Group 2018 Men 
Denmark Other 7 2 0 D Group 2018 Men 
Denmark Other 19 1 0 L Knockout 2018 Men 
Egypt Red 12 2 0 L Group 2018 Men 
Egypt Other 10 1 0 L Group 2018 Men 
Egypt Other 16 2 0 L Group 2018 Men 
England Red 8 1 0 W Group 2018 Men 
England Red 13 2 0 W Knockout 2018 Men 
England Red 7 1 0 W Knockout 2018 Men 
England Red 5 2 0 L Group 2018 Men 
England Other 14 1 0 W Group 2018 Men 
England Other 11 0 0 L Knockout 2018 Men 
England Other 14 1 0 L Knockout 2018 Men 
Iran Red 14 2 0 L Group 2018 Men 
Iran Other 14 3 0 W Group 2018 Men 
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Iran Other 16 2 0 D Group 2018 Men 
Korea Republic Red 24 4 0 L Group 2018 Men 
Korea Republic Red 16 4 0 W Group 2018 Men 
Korea Republic Other 23 2 0 L Group 2018 Men 
Morocco Red 22 1 0 L Group 2018 Men 
Morocco Red 23 1 0 L Group 2018 Men 
Morocco Other 17 6 0 D Group 2018 Men 
Panama Red 13 3 0 L Group 2018 Men 
Panama Red 18 3 0 L Group 2018 Men 
Panama Other 18 5 0 L Group 2018 Men 
Peru Red 12 2 0 W Group 2018 Men 
Peru Other 10 1 0 L Group 2018 Men 
Peru Other 15 2 0 L Group 2018 Men 
Portugal Red 12 1 0 D Group 2018 Men 
Portugal Red 11 4 0 D Group 2018 Men 
Portugal Other 19 1 0 W Group 2018 Men 
Portugal Other 13 1 0 L Knockout 2018 Men 
Russia Red 22 1 0 W Group 2018 Men 
Russia Red 11 1 0 W Group 2018 Men 
Russia Red 25 1 0 L Knockout 2018 Men 
Russia Other 18 1 1 L Group 2018 Men 
Russia Other 19 2 0 W Knockout 2018 Men 
Serbia Red 17 4 0 L Group 2018 Men 
Serbia Red 13 3 0 L Group 2018 Men 
Serbia Other 15 2 0 W Group 2018 Men 
Spain Red 5 0 0 D Group 2018 Men 
Spain Red 5 1 0 L Knockout 2018 Men 
Spain Other 10 1 0 D Group 2018 Men 
Spain Other 14 0 0 W Group 2018 Men 
Switzerland Red 19 3 0 D Group 2018 Men 
Switzerland Red 9 3 0 D Group 2018 Men 
Switzerland Red 13 2 1 L Knockout 2018 Men 
Switzerland Other 13 1 0 W Group 2018 Men 
Tunisia Red 13 1 0 L Group 2018 Men 
Tunisia Other 14 0 0 L Group 2018 Men 
Tunisia Other 19 3 0 W Group 2018 Men 
Canada Red 8 1 0 W Group 2015 Women 
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Canada Red 16 1 0 D Group 2015 Women 
Canada Other 7 1 0 D Group 2015 Women 
Canada Red 16 2 0 W Knockout 2015 Women 
Canada Red 15 1 0 L Knockout 2015 Women 
China Other 15 0 0 L Group 2015 Women 
China Red 5 0 0 W Group 2015 Women 
China Red 10 2 0 D Group 2015 Women 
China Other 11 0 0 W Knockout 2015 Women 
China Red 10 1 0 L Knockout 2015 Women 
Costa Rica Other 15 0 0 D Group 2015 Women 
Costa Rica Other 12 0 0 D Group 2015 Women 
Costa Rica Red 7 0 0 L Group 2015 Women 
England Other 8 1 0 L Group 2015 Women 
England Other 6 1 0 W Group 2015 Women 
England Other 14 1 0 W Group 2015 Women 
England Other 5 0 0 W Knockout 2015 Women 
England Other 21 1 0 W Knockout 2015 Women 
England Other 17 1 0 L Knockout 2015 Women 
England Red 13 3 0 W Knockout 2015 Women 
Germany Other 10 0 0 W Group 2015 Women 
Germany Red 7 1 0 D Group 2015 Women 
Germany Red 11 0 0 W Group 2015 Women 
Germany Other 9 1 0 W Knockout 2015 Women 
Germany Other 20 4 0 W Knockout 2015 Women 
Germany Red 11 2 0 L Knockout 2015 Women 
Germany Other 16 0 0 L Knockout 2015 Women 
Korea Republic Other 3 1 0 L Group 2015 Women 
Korea Republic Red 10 3 0 D Group 2015 Women 
Korea Republic Red 9 1 0 W Group 2015 Women 
Korea Republic Other 8 2 0 L Knockout 2015 Women 
Mexico Red 15 1 0 D Group 2015 Women 
Mexico Red 9 1 0 L Group 2015 Women 
Mexico Other 9 1 0 L Group 2015 Women 
Norway Red 6 0 0 W Group 2015 Women 
Norway Other 13 0 0 D Group 2015 Women 
Norway Other 13 1 0 W Group 2015 Women 
Norway Red 5 0 0 L Knockout 2015 Women 
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Spain Red 13 1 0 D Group 2015 Women 
Spain Other 12 1 0 L Group 2015 Women 
Spain Other 13 1 0 L Group 2015 Women 
Switzerland Other 11 3 0 L Group 2015 Women 
Switzerland Red 8 0 0 W Group 2015 Women 
Switzerland Red 13 1 0 L Group 2015 Women 
Switzerland Other 10 1 0 L Knockout 2015 Women 
Belgium Red 20 1 0 W Group 2014 Men 
Belgium Red 14 2 0 W Group 2014 Men 
Belgium Other 11 1 0 W Group 2014 Men 
Belgium Red 27 1 0 W Knockout 2014 Men 
Belgium Red 14 2 0 L Knockout 2014 Men 
Chile Red 9 1 0 W Group 2014 Men 
Chile Other 15 2 0 W Group 2014 Men 
Chile Other 14 1 0 L Group 2014 Men 
Chile Red 23 3 0 L Knockout 2014 Men 
Colombia Other 19 1 0 W Group 2014 Men 
Colombia Other 11 0 0 W Group 2014 Men 
Colombia Other 18 1 0 W Group 2014 Men 
Colombia Other 19 1 0 W Knockout 2014 Men 
Colombia Red 23 2 0 L Knockout 2014 Men 
Costa Rica Other 18 0 0 W Group 2014 Men 
Costa Rica Other 23 1 0 W Group 2014 Men 
Costa Rica Red 18 1 0 D Group 2014 Men 
Costa Rica Other 22 4 1 W Knockout 2014 Men 
Costa Rica Other 13 4 0 L Knockout 2014 Men 
Croatia Red 20 2 0 L Group 2014 Men 
Croatia Red 9 1 0 W Group 2014 Men 
Croatia Red 17 1 1 L Group 2014 Men 
Germany Other 8 0 0 W Group 2014 Men 
Germany Other 11 0 0 D Group 2014 Men 
Germany Red 9 1 0 W Group 2014 Men 
Germany Other 11 1 0 W Knockout 2014 Men 
Germany Other 18 2 0 W Knockout 2014 Men 
Germany Red 14 0 0 W Knockout 2014 Men 
Germany Other 20 2 0 W Knockout 2014 Men 
Ghana Other 10 2 0 L Group 2014 Men 
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Ghana Red 17 1 0 D Group 2014 Men 
Ghana Other 16 3 0 L Group 2014 Men 
Iran Other 18 1 0 D Group 2014 Men 
Iran Red 14 2 0 L Group 2014 Men 
Iran Other 17 1 0 L Group 2014 Men 
Korea Republic Other 7 3 0 D Group 2014 Men 
Korea Republic Red 13 2 0 L Group 2014 Men 
Korea Republic Other 16 1 0 L Group 2014 Men 
Portugal Red 12 1 1 L Group 2014 Men 
Portugal Red 14 0 0 D Group 2014 Men 
Portugal Red 21 1 0 W Group 2014 Men 
Russia Red 15 1 0 D Group 2014 Men 
Russia Other 9 1 0 L Group 2014 Men 
Russia Red 14 2 0 D Group 2014 Men 
Spain Other 5 1 0 L Group 2014 Men 
Spain Red 14 1 0 W Group 2014 Men 
Spain Other 9 1 0 W Group 2014 Men 
Switzerland Red 9 1 0 W Group 2014 Men 
Switzerland Red 12 0 0 L Group 2014 Men 
Switzerland Red 17 0 0 W Group 2014 Men 
Switzerland Red 29 2 0 L Knockout 2014 Men 
USA Red 12 0 0 W Group 2014 Men 
USA Other 11 1 0 D Group 2014 Men 
USA Other 15 2 0 L Group 2014 Men 
USA Other 11 1 0 L Knockout 2014 Men 
Canada Red 7 0 0 L Group 2011 Women 
Canada Other 4 1 0 L Group 2011 Women 
Canada Red 9 0 0 L Group 2011 Women 
England Other 11 1 0 D Group 2011 Women 
England Red 9 0 0 W Group 2011 Women 
England Other 7 0 0 W Group 2011 Women 
England Other 13 4 0 L Knockout 2011 Women 
Equatorial Guinea Other 2 0 0 L Group 2011 Women 
Equatorial Guinea Red 18 3 0 L Group 2011 Women 
Equatorial Guinea Red 21 3 0 L Group 2011 Women 
Korea DPR Red 11 0 0 L Group 2011 Women 
Korea DPR Red 6 0 0 L Group 2011 Women 
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Korea DPR Other 6 0 0 D Group 2011 Women 
Norway Red 7 2 0 W Group 2011 Women 
Norway Red 6 0 0 L Group 2011 Women 
Norway Red 12 1 0 L Group 2011 Women 
Chile Red 21 2 0 W Group 2010 Men 
Chile Red 20 6 0 W Group 2010 Men 
Chile Red 21 3 1 L Group 2010 Men 
Chile Other 18 3 0 L Knockout 2010 Men 
Denmark Other 21 1 0 L Group 2010 Men 
Denmark Other 12 2 0 W Group 2010 Men 
Denmark Red 23 3 0 L Group 2010 Men 
England Other 12 2 0 D Group 2010 Men 
England Other 14 1 0 D Group 2010 Men 
England Red 20 1 0 W Group 2010 Men 
England Red 6 1 0 L Knockout 2010 Men 
Ghana Other 16 2 0 W Group 2010 Men 
Ghana Other 22 3 0 D Group 2010 Men 
Ghana Other 11 1 0 L Group 2010 Men 
Ghana Red 19 2 0 W Knockout 2010 Men 
Ghana Red 23 3 0 L Knockout 2010 Men 
Korea DPR Red 10 0 0 L Group 2010 Men 
Korea DPR Other 4 2 0 L Group 2010 Men 
Korea DPR Red 13 0 0 L Group 2010 Men 
Korea Republic Red 14 0 0 W Group 2010 Men 
Korea Republic Red 19 2 0 L Group 2010 Men 
Korea Republic Other 12 1 0 D Group 2010 Men 
Korea Republic Other 12 3 0 L Knockout 2010 Men 
Paraguay Red 14 1 0 D Group 2010 Men 
Paraguay Red 18 1 0 W Group 2010 Men 
Paraguay Red 12 2 0 D Group 2010 Men 
Paraguay Red 26 1 0 W Knockout 2010 Men 
Paraguay Red 25 4 0 L Knockout 2010 Men 
Portugal Other 14 1 0 D Group 2010 Men 
Portugal Red 17 2 0 W Group 2010 Men 
Portugal Red 11 4 0 D Group 2010 Men 
Portugal Other 18 1 0 L Knockout 2010 Men 
Serbia Red 10 2 1 L Group 2010 Men 
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Serbia Red 10 4 0 W Group 2010 Men 
Serbia Red 10 2 0 L Group 2010 Men 
Spain Red 9 0 0 L Group 2010 Men 
Spain Red 9 0 0 W Group 2010 Men 
Spain Other 13 0 0 W Group 2010 Men 
Spain Red 13 1 0 W Knockout 2010 Men 
Spain Other 12 2 0 W Knockout 2010 Men 
Spain Red 7 0 0 W Knockout 2010 Men 
Spain Other 19 5 0 W Knockout 2010 Men 
Switzerland Other 19 4 0 W Group 2010 Men 
Switzerland Other 25 3 0 L Group 2010 Men 





N Sample Means Sample Std. Devs. 
p-value 𝛼 Decision 
Total Red Other Red Other Red Other 
2019 WWC 35 17 18 10.47 9.11 3.73 3.39 0.13 0.05 FTR H0 
2018 MWC 69 36 33 14.36 14.76 5.27 4.35 0.63 0.05 FTR H0 
2015 WWC 45 21 24 10.33 11.58 3.48 4.46 0.85 0.05 FTR H0 
2014 MWC 55 27 28 15.93 14.11 5.31 4.72 0.09 0.05 FTR H0 
2010 MWC 45 27 18 15.22 15.22 5.83 4.98 0.5 0.05 FTR H0 
England 29 9 20 10.11 11.25 4.65 4.12 0.73 0.05 FTR H0 
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